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Abstract 
We report first results on the development of a new system for a GANEX 2nd cycle developed by the “ACSEPT” project. A 
solvent system consisting of 0.2 M N,N,N’,N’-tetra-n-octyl-diglycolamide (TODGA) + 0.5 M N,N’-dimethyl-N,N’-dioctyl-2-
(2-hexyloxyethyl)malonamide (DMDOHEMA) in kerosene was formulated which co-extracts TRU elements and lanthanides 
with high distribution ratios and allows for Pu(IV) loading up to ~40 g·Lí1 at 3 M HNO3. Neptunium redox chemistry and 
extraction in the TODGA/DMDOHEMA phase has been studied in order to identify optimum conditions for Np extraction. 
Further, the behaviour of non-lanthanide fission products was investigated to identify a substitute for oxalic acid (used as a Zr 
masking agent in DIAMEX processes where there is no Pu in the feed). 1,2-cyclohexanediaminetetraacetic acid (CDTA) 
efficiently suppresses the extraction of Zr and also masks Pd which would otherwise be co-extracted.  
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1. Introduction 
Separation of long lived radionuclides from irradiated nuclear fuel through partitioning and transmutation 
(P&T) provides potential advantages over long term storage of once through spent fuel.1 Several 
hydrometallurgical processes are being considered in Europe and involve the PUREX process to remove U and 
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Pu then routing the raffinate through a minor actinide and lanthanide co-extraction process (DIAMEX process)2 
followed by an actinide (An) (III) – lanthanide (Ln) (III) separation in the SANEX process.3 To avoid pure Pu 
product streams, alternative processes are being developed that are capable of handling all the transuranium 
elements (TRU = Np, Pu, Am, Cm) in one stream throughout the process. 4 This requires a solvent capable of 
extracting all TRU ions in oxidation states III, IV, VI and possibly V that can also cope with high Pu loading (up 
to ca.20 wt.% Pu or 50 gPu·Lí1 in Generation IV reactor fuels).  
For this purpose, the GANEX process (Grouped ActiNide EXtraction) was developed by the French Atomic 
Energy Commission (CEA) for the homogenous recycling of actinides5. After dissolution and the selective 
extraction of uranium(VI) in the 1st cycle,6 TRU ions are co-separated in the 2nd cycle.7 In the framework of the 
European ACSEPT project an alternative GANEX 2nd cycle flowsheet is also now being developed.8 This paper 
reports key results from a multi-laboratory collaboration that have led to a proposed solvent formulation from 
which suitable process conditions for full extraction of all the TRU actinides together in the first stages of a 
GANEX 2nd cycle flowsheet can be defined.  
2. Solvent formulation 
Initially developed in Japan, the tridentate ligand TODGA (N,N N’,N’-tetraoctyl diglycolamide) has shown 
promise for extracting actinides(III, IV, VI)9 and is found to have good radiolytic and hydrolytic stability 
properties.10 In kerosene diluents, TODGA is prone to 3rd phase formation, although additives such as TBP,11 1-
octanol12 and amides13 can serve to suppress 3rd phase formation. Indeed, a number of active DIAMEX-style 
flowsheet trials have been performed on 0.2 mol·Lí1 TODGA and 0.5 mol·Lí1 TBP, successfully demonstrating 
the extraction of An(III).14  
Building on previous work on the TODGA/TBP system,15 which showed good heavy metal loading capacity 
with uranium, we first explored whether TODGA/TBP solvents were suitable systems. Unfortunately, these 
solvents diluted in either kerosene and/or 1-octanol had low capacities for Pu(IV) ions (<3-13 g·Lí1, depending 
on exact conditions).16  
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Figure 1. 3rd phase boundary for Pu(IV) extraction from 2-7 mol·Lí1 HNO3 into the GANEX solvent. The line drawn is indicative only 
Several solvent systems based on diglycolamides with DMDOHEMA, HDEHP, DHOA (N,N-
dihexyloctanamide) and TBP were then screened for Pu(IV) loading.16 A solvent composed of 0.2 mol·Lí1 
TODGA + 0.5 mol·Lí1 DMDOHEMA in Exxsol D80 was ultimately selected as suitable for further 
development. The Pu 3rd phase boundary for the acidity range relevant to process flowsheet development is 
shown in Fig. 1, where it can be seen that there is a near-linear decrease in limiting organic Pu(IV) concentration 
with HNO3 between 2 and 7 mol·Lí1 HNO3 (|22 qC, A/O = 1). 
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3. TRU and Ln(III) co-extraction 
Data for the extraction of (trace) Pu(IV), Am(III) and Ln(III) from HNO3 are shown in Fig. 2 as a function of 
[HNO3]. Similar to TODGA alone, the GANEX solvent (0.2 M TODGA + 0.5 M DMDOHEMA) co-extracts 
An(III) and Ln(III) with high distribution ratios. Lighter Ln(III) ions are less extracted than heavier ones. Pu(IV) 
extraction is similar to that of Am(III).  
The extraction of Np was studied independently using solutions of individual oxidation states: Np(IV), Np(V), 
and Np(VI) in HNO3. Extraction decreased in the order: Np(IV)>>Np(VI)>>Np(V). However, neptunium has a 
complex redox chemistry in nitric acid solutions and Np(V) on contact with the GANEX solvent phase was very 
unstable. Rapid formation of Np(IV) was observed in the electronic absorption spectra (EAS) of the solvent 
phase after contact with a Np(V)-containing aqueous phase (Fig. 3). This was subsequently shown to be due to 
Np(V) disproportionation to Np(IV) and Np(VI) ions, a reaction that is promoted by higher acid concentrations.17  
So in summary, all TRU elements are well extracted into the GANEX solvent at acidities relevant to the 
extraction section of a GANEX 2nd cycle process, i.e. 3–6 mol·Lí1 HNO3. Trivalent fission product lanthanide 
ions are efficiently co-extracted. 
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Figure 2. Pu(IV) + An(III) + Ln(III) extraction, distribution ratios as a function of [HNO3]. Organic phase, 0.2 mol·Lí1 TODGA + 
0.5 mol·Lí1 DMDOHEMA in Exxsol D80; aqueous phase, 242Pu(IV) (10í6 mol·Lí1) + 241Am(III) + 152Eu(III) (1 kBq·mLí1 each) + Ln(III) 
(10í4 mol·Lí1 each) in HNO3. A/O = 1; T = (293 ± 0.5) K. 
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Figure 3. EAS of neptunium following extraction of 6x10-3 mol·Lí1 Np(V) in 5 M HNO3 into the GANEX solvent (A/O =1). Comparison with 
the reference organic phase EAS for 1x10-2 mol·Lí1 Np(IV) extracted from 5 M HNO3 (A/O =1) 
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4. Fission product extraction and masking  
Although TODGA and DMDOHEMA reject most non-lanthanide fission products, there are few fission and 
corrosion products that extract to some degree, including Zr, Mo, and Pd. Hence, the extraction of fission 
products into the TODGA + DMDOHEMA solvent has been studied. Specifically, a substitute for oxalic acid, 
which is used as Zr(IV) masking agent in DIAMEX processes2 had to be found since oxalic acid can not be used 
in the presence of Pu(IV) due to risk of plutonium oxalate precipitation.  
Following extensive screening tests,1,2-cyclohexanediaminetetraacetic acid (CDTA) was found to suppress 
efficiently the extraction of Zr(IV) and Pd(II) whilst not influencing the extraction of Pu(IV), Am(III) and 
Ln(III).18 Distribution ratios for the extraction of fission products from 3 mol·Lí1 HNO3 without or with 
0.05 mol·Lí1 CDTA are shown in Table 1. The effect of CDTA on the extraction of Zr and Mo from HNO3 of 
varied concentrations is shown in Table 2. 
The behaviour of CDTA at macro-Pu(IV) concentrations (17 g·Lí1) was also investigated. No precipitation 
was observed. CDTA suppresses the extraction of Zr(IV) and Pd(II) even in the presence of 17 g·Lí1 Pu(IV); 
results are shown in Table 3. 
Table 1. Effect of CDTA on the extraction of fission and corrosion products. Organic phase, 0.2 mol·Lí1 TODGA + 0.5 mol·Lí1 
DMDOHEMA in Exxsol D80; aqueous phase, HAR elements in 3 mol·Lí1 HNO3. A/O = 1; T = (295 ± 0.5) K 
Element 
Distribution ratios; [CDTA] =  
0 0.05 mol·Lí1 
Ln > 100 > 100 
Zr > 100  0.01 
Pd 4.20 0.07 
Mo 1.93 2.10 
Sr 1.43 2.25 
Se 0.77 0.74 
Fe 0.25 0.25 
Cd 0.25 0.17 
Ru 0.23 0.32 
Ba 0.13 0.20 
Cr, Ni, Rb, Rh, Sn, Sb, 
Te, Cs  0.02  0.02 
Table 2. Effect of CDTA on the extraction of Zr and Mo at varied [HNO3]. Organic phase, 0.2 mol·Lí1 TODGA + 0.5 mol·Lí1 DMDOHEMA 
in Exxsol D80; aqueous phase, HAR elements in HNO3. A/O = 1; T = (295 ± 0.5) K.
Element 
Masking 
agent 
Distribution ratios; [HNO3] = 
1 mol·Lí1 2 mol·Lí1 3 mol·Lí1 4 mol·Lí1 
Zr 
– 30 86 142 376 
CDTA  0.01  0.01  0.01 0.02 
Mo 
– 1.21 1.36 1.93 3.62 
CDTA 1.43 1.08 2.10 4.12 
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Table 3. Effect of CDTA in the presence of macro- Pu(IV) concentration. Organic phase, 0.2 mol·Lí1 TODGA + 0.5 mol·Lí1 DMDOHEMA 
in Exxsol D80; aqueous phase, 3 mol·Lí1 HNO3 + 239Pu (17 g·Lí1) + 241Am(III) (0.1 g·Lí1) + HAR elements + CDTA. A/O = 1; T = 293 K. 
Element 
Distribution ratios; [CDTA] =  
0.01 mol·Lí1 0.05 mol·Lí1 0.1 mol·Lí1 
241Am(III) 65 42 40 
239Pu(IV) 60 35 32 
Zr(IV) 7.7 1.2 0.2 
Pd(II) 0.5 0.05 0.02 
 
5. Conclusions  
Within the framework of the European ACSEPT project a GANEX 2nd cycle process for the co-separation of 
all TRU is under development. The first phase of work has focused on the development of a solvent system 
capable of co-extracting all TRU at relevant concentrations, most notably with Pu(IV) concentrations >10 g·Lí1. 
A solvent system consisting of 0.2 mol·Lí1 TODGA + 0.5 mol·Lí1 DMDOHEMA in Exxsol D80 was developed 
for this task, capable of extracting up to 40 g·Lí1 Pu(IV) without precipitation or 3rd phase formation at 3 
mol·Lí1 HNO3. The undesired co-extraction of some fission products such as Zr(IV) and Pd(II) could be 
suppressed by adding CDTA as a masking agent. The extractant molecules selected, however, show no 
discrimination between trivalent actinides and lanthanides(III) so the Ln(III) ions are co-extracted by this solvent 
system. One particular problem has been neptunium extraction since the most stable oxidation state of 
neptunium, Np(V), exhibits much lower distribution ratios than trivalent, tetravalent and hexavalent actinide ions. 
However, it has been shown that Np extraction can be promoted by the relatively rapid disproportionation of 
Np(V) in the solvent phase forming Np(IV) and Np(VI). The next phase of work focuses on the selective 
stripping of the TRU actinides from the loaded solvent to achieve complete recovery of all TRU actinides in one 
stripping step as well as a high degree of separation from the trivalent lanthanide ions.  
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